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MIT, intimal area (IA), lumen area (LA) and intimal index (11 = IA/IA + LA). 
In the first year after heart transplantation, there was significant progression 
of disease in all patients. There was no difference in the progression of 
disease between group 1 .~nd group 2 (see table). Regression analysis 
showed no relation betwezn baseline TCAD and progression at one year for 
all measurements (R ~ = 0.0, p = ns). 
n AIA (ram ~) AMIT (ram) All 
Group 1 (beseline MIT > 0.3 ram) 17 1.2 ~: 1.3 0.14 ~0.12 0.062 ± 0.05 
Group 2 (baseline MIT < 0.3 ram) 31 1.1-*-1.2 0.15 d:0.14 0.078:1:0.09 
Conclusion: pro*exi.~ting CAD does no*, oppoar to influence the progressinn 
of TCAD as assessed by moq~homalric analysis of ICUS in the first year after 
heart transplantation. 
9:45 
~Two Year Follow-Up of the Functional and 
Morphologio Adaptation ot Undersized Donor 
Hearts Following Cardiac Transplantation 
Paul J. Mather, Valluvan Jeevanandam, Ileana L. Pit,a, Kenneth 
B. Marguties, Howard J. Eisen, Alfred A. Bove. Temple University Schnolof 
Medicir, e, Philadelphia, Pennsylvania 
We analyzed the abilily for growlh of 14 undersized, and 14 normal sized 
donor hearts over a peri~J 0f two years after head transplantation. Donor 
to recipient weight ratios were 0.53 ± 0.06 for small hearts, and 0.98 ± 
0.05 for normal sized hearts. The left venthcular chamber sizes including 
the diastolic (LVd) diameter, and left ventduJtar mass(LVM) were obtained 
by M-mede and two-dimensional echocardiograbhy. Measurements were 
obtained before procurement, at 10 weeks, and then at eix month intervals 
pest orthotopio heart transplantation. 
lO Weeks One Year Two Years 
Undersized Non'~al Undersized Nomla! Undersized Normal 
LVM.gm 245:t:24 164:L-48" 240:I:32 156:L-40" 233=t:34 172:1:38" 
LVd-cm 3.72:1:0.7 4.33:b0.9 4.81:1:0.5 ¢52-¢-0.6 4.78:L-0.6 4.61:L-0.5 
VO2 13.9-'~.2.1 14.6:]:3.4 18.6:t:3.5 t 20.1:t:2.91" 23:L-4.9 t 24.9:~41 
PVR 3.6:1:0.6 2.5:L-0.6 2.8:L-0.6 2.6-~-0.6 2.8:L-0.5 2.4:t:0.7 
*p < 0.05 (comparing normal to undersized hearts), fp < 0.05 (within the groups), PVR 
= pulmonary vascular esistance (wood units), VO2 = oxygen coffsumption exercise test 
(mVkg/mtn). 
The increase in LVM, and LVd in the undersized hearts suggested that 
the left ventricle adapted to the larger recipient circulation over time. The 
functional capacity of the two groubs were not significantly different. Despite 
denervalion and a mismatched load, transplan~=d hearts adapt appropriately 
to their new hemedynamic milieu, thus suggesting the cardiac donor pool 
can be expanded to include undersized hearts. 
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8:30 
1_737-11 Different Patterns of I~art Rate Variability In 
Patients Suffering Sudden Death While Weadng 
Holler Monitoring: The Role of Concomitant ST 
Segment Changes 
Andrea Pozzati, Leonardo (3. Pancaldi, Giuseppe Di PasqucJe t, 
Gluscppa Pinolli t, Ralfaele Buglardini a. Cardiology Section, Bentivoglio 
Hasp., Bologna, Italy, ~ Be#aria Hasp., Bologna, ira;y;2 Un~. of Bnlogna, 
#a/y 
Aim of the study was to investigate the relationship between sudden death 
and head rate variability (HRV) in lots with ischemio head disease (IHD). 
We analyzed tha tapes o! 10 pts with IHD suffering sudden death during 
Haltsr monitoring (HM): 6 pts (67 :t: 7 yrs) with angina as wall as "ischemtc" 
sudden death (ISD: ardlythmic death preceded by ST shift), and 4 pts (70 
:l: 10 yra) with ischemio c3rdiomyopathy but not ST changes before the fatal 
anhythmla (ASO), Two matched groups of pts with IHD ~,dlo undenNent HM 
were used as con~rels: 18 pts with transient myocardial ischemia (G1), but 
not ventricutsr arrhythmlas, were compared to ISO; 12 pts with non sustained 
venfficular tachycardia (G2), but not transient ischemia, were compared to 
ASD, Anhythmias, ST segment ard HRV ware analysed by a computized 
interactive HM system. All stKJden death pts showed venthcuiar tachyanhyth- 
mias as their lerminai event; pts with ISO showed ST depression starting 49 
:1:36 rain before sudden death. SDNN (sd of normal R-R intervals) in ISr3 
was 102 • 20 ms, as assessed by the overall 10:1:7 hrs of HM, whereas 
it was 58 ± 15 ms and 31 ± 9 ms (p < 0.01 vs the initial 5 rain time pe- 
riod), respectively I hr and 5 rain before the onset of fatal ischemic ST ~' .itt. 
Comparison with GI pts showed a significant difference only 5 min before 
ST shift (31 :t: 9 ,/s 56 ~ 30 ms: ~ < 0.01). In ASD pts SDNN dudng 9 ± 4 
hrs of HM was 61:1:21 ms (p < 0.02 vs ISD), whereas it n~easured 70 :l: 37 
ms and 43 :t: 20 ms (p = ns), respectively I hr and 5 rain before the onset of 
ventricuiar tachyarrhythmia. ASD group had lower SDNN values only during 
the overall HM period, when compared to G2 pts (130 :E 31 vs 61 ± 21 
ms: p = 0.001). In conc;usk,n: different patterns el eympathovagal imbalance 
may be found in pts with IHD suifedng sudden death during HM. Indeed, 
an abrupt decrease of HRV may trigger tara t c~'rhvthmias in I$D pts ~ i.e. 
with COncomitant transient myocardial is~em;a-, wherea,~ pts suffering ASD 
show a low HRV during overall HM. Analysis of HRV indices could be useful 
¢o understand the role of autonomic activity in the occurrence of sudden 
death. 
8:45 
A Mathematical Model  fo r  Anah/zing Sinus 
Arrhythmis 
David P. Slovut, Richard B. Moeckel, John C. Wenstmm, Julia Royd, 
Betty Hansen, Jerome H. Ab,-ams. University of Minnesota, Minneapolis, 
MN 
Objective: To quantify the respiretop] component of sinus arrhylhmia for 
innervated subjects and head transplant recipients. 
Methods: We recorded the raspiretory cycle and EKG dudng spontP- 
neous respiration for 10 healthy innervated subjects and 11 non-reJe~ing 
head transplant recipients (denervated subjects), Each recording averaged 
3,5 minutes. Inted~eat (RR) futervals were normalized I~ subtracting the 
averege heart rate per lang cycle from the instantaneous heart rate. Phase- 
P~spon.~e curves (PRC) comprised of lung phase versus normalized head 
rate were constructed. Lung phase ranged from 0 ~ (start-inspiration) to 3609 
(end-expiration), A trigonometric function was fdted to each PRC and useO 
tO assign an amplitude and pl~tse to the sinus arrhythmia. Correlation coeffi- 
dents were calculated to quantify the goodness of tit between the PRCs and 
the trigonometric urvas. 
Results: A high correlation was observed between PRCs and the tl"igono- 
metric curves for innewated (~ r = 0.74, std = 0.13) and denorvated (p r 
= 0.75, srd = 0.16) subjects. A t-last shewc'3, rm sip.nirca,~t difference in r 
value between groups. For both groups, inspiration was associated with an 
increased head rate. In 9/11 transplant patients, the maximum head rate oc- 
curred earlier in the resoiratory cyCle than for the innervated subjects (mean 
phase angle 1060 vs 175 ~, p < 0.001). The lemaining transplant patients 
showed decreased head rate with inspiration. Innervated subjects shcwed 
marhedly greater heart ;ate variability than transplant patients (m,~,,n 6.8 
beats/min vs 0.87 beats/rain, p < 0.00:~, 
Conc/.*~,~n: Healthy innervated subjects and heart transplant recipients 
demonstrate predictable, phasic changes in head rate with rasDiration that 
can be well-approximated by a simple trigonometric function. The use ::f 
PRCs in charac!.erizing normal cardiopulmonary interactions ,'nay improve 
our ability to diagnose cardiac dysfunction and cardiac allograft rejection 
noninvasively. 
9:00 
~ Heart R~te or Heart Rate Vaflability for Risk 
Stt~iff~tion After IVlyooarclisl Infarction? 
Xavier Copio, K~.tedna Hn~tkova, A~,* <;taunton, Lu Fei, A. John Camm, 
Marek Malik. St George~ Hospital MeL..;,al School, London, UK 
Heart rate variability (HRV) Is a powedul tool for risk stratifioation after 
myocardial infaction. Although, HRV is related to heart rete, little is known 
of the predictive value of head rate after myocardial infarction. 
Methods: We compared the power of left ventficular ejection Iraction 
(LVEF), HRV, and moan RR interval for the prediction of all-cause mortality, 
cardiac mortality, and sudd~'~ cal lao death in 579 palients after myocardial 
infarction. Mean RR interval and HRV index were computed from predis- 
charge 24-heur Hotter recordings. 
ResuftS: During two yearn of follow-up, there were 54 deaths, 42 of which 
were cardiac (26 sudden). Shader moan RR interval was a oelter predi~or 
of all-cause madaiity, e,~ well as cardiac and sudden death than depressed 
LVER Det0rass,~, HRV peri l led the risk of death better than mean RR 
interval for sensitivities below 40%. For sensitivities above 40%, mean FIR 
intenral was as Dowedul as HRV. For cardiac death prediction, a LVEF < 
35% had a 40% sensitivity and 14% positive predictive accuracy, HRV < 
17 units had a 40°/, sensitivity and 20% positive predictive accuracy, and a 
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mean RR interval < 700 ms had e 45% sensitivity and 20% positive predictive 
accuracy. 
Conclusion: Predischarge 24-hour mean heart rate is a strong predictor of 
mortality after myocardial infarction, than can compete with HRV and LVER 
9:15 
17~- I  Autonoml© Nervous Activity in Dally Life in System 
Patients With Neurally Mediated Syncope; The 
Assessment of  Heart Rate Variability From 24-Hour 
Holter Monitoring 
Bonpoi Takase, Aklra Kudta, Tomoo Nagai, Naohiro Hakamada, 
Syuichi Katusika, Haruo Nakamura, Kazusige Isojima, Satoshi Oota, 
Siego OhtomL National Defense Medical College and Self Defense Force 
Central Hospital, Saitama and Tokyo, Japan 
Autonomic function plays an important rots in the pathogenesis of neurally 
mediated syncope (NMS). Heart rate variability (HRV) indices derived from 
24-hour Holtsr monitoring (H) reflect ;|~e autonomic onhol of the heart in daily 
life. To investigate whether the daily autonomic function differs in patients (pts) 
with and without NMS, we performed H and measured HRV indices in 50 pts 
(39 ..I- 20 years) with clinically suspected NMS (CSNMS) and 50 age-matched 
normal controls (CTL). Pts with organic heart diseases affecting HRV values 
such as congestive heart failure, coronary artery disease, diabeti~ were ex- 
cluded from this study. For HRV assessment, time domain analysis including 
mean RR (ms), SDNN (ms), SDANN (mS), SD (ms), rMSSD (ms), pNNS0 
(%) and frequency domain indices (low frequency, 0.04-.-0,15 Hz, LF, ms; 
high frequency, 0.150.40 Hz, HF, ms) were measured, Within 48 h of H, 
heed-up tilt testing (HUT, 40 rain, 80 o tilt) was underwent in pts with CSNMS. 
Among pts with CSNMS, 29 pts had a positive HUT (P pts) while 21 pts had 
negative test (N pts). We considered P pts as a definite NMS and N pts as a 
possible NMS. Results were shown below. 
MeanRR SONN SDANN SD rMSSD pNNS0 LF HF 
PpIs 8474`112' 1774-44 • 1684`44 62:f:16' 39.19 164`13" 25~7 164-7" 
Npts 883+87* 150~'-'47 135±42 584-02 364`23 114-14 214-14 144-8 
CTL 7794-71 1344-42 1354-82 524-12 304-10 84`6 34+6 134-5 
mean 4- SD, *p < 0.05 vs CTL 
Values of mean RR, SDNN, SD, pNN50 and HF in P pts were significantly 
higher than those of CTL. Also, SDANN and rMSSD had similar trends. 
These tendencies ware observed between N pts and CTL, Conclusion: NMS 
pts have augmented autonomic activities in daily life, especia;ly elevated 
vagal tone, since pNN50 and HF mainly reflect vagal activi~. 
9:30 
~How Many Parameters are Realty Needed the for 
Analysis of Heart Rate Variability? 
Thomas Br0ggamam=. Ked Wegscheider 1 Dietrich Andresen, 
Dietmar Weiss, Steffen Behrons, Woitgang Ziss, Chdstoph Ehlers, 
Heinz-Peter Schulthaiss. 1 University Hamburg and Free University Berlin, 
G;,~rnany; Benjamin Franklin Medical Center, Dept. of Cardiology, Berlin, 
Germany 
Numerous Holtsr dedved parameters of heart rate variability (HRV) have 
been proposed for measuring the different aspects of the autonomic nervous 
system. However, it 18 questionable wether such a )arge number of param- 
eters Is really needed to describe HRV. Therefore, we studied the latent 
structure of HRV in 66 normais and in 322 post MI pts at discharge. The 
following time domain parameters from Holtsr recordings were evaluated 
using cluster and principal components analysis: mean NN intan/al, SDNN, 
SDANN, SDNN Idx, coeificient of variation (CV), triangular Index (TRI), width 
of histogram, rlVI$SD, NNS0, pNN50, and the day/night diiferenca (DIFF). 
Results: Cluster analysis revealed mean interval as an independent parame- 
ter, followed by 2 clusters representing short-term variability (rMSSD, NN50, 
pNNS0, SDNN idx, Cv) and circadian changes (SDNN, SDANN, TRI, Width, 
DIFF). Principal ¢omponects analyais resulted in a 3 dimensional structure: 
factor I explaining 65% of total variance was represented by SDNN idx and 
can be interpreted as short-term vadabllity, factor 2 explaining 21% was rap- 
resented by DIFF adjusted for rMSSD and stands for the circadian changes, 
factor 3 explaining 5% was best represented by the mean interval after adjust- 
ment for CV. Post MI Lots. showed a lower circadian HRV and shorter mean 
~le  lengths in comparison to nomlais. No differences in short-torn| HRV 
were found. The prognostic value for cardiac death within 2 yrs after MI was 
best for HRV parameters describing the circadian prolile of HRV. Conclusion: 
Time domain HRV parameters are redundant. They can be grouped in three 
clusters, representing mean cycle length, circadian pattern, and short-term 
vanabllify. HRV can be described completely by using only 3 parameters. 
9:45 
~ Exercise Training increases Variability in Heart Rate 
Normal Older Adults 
Pi'yllls K. Stein, Jeffrey N. Rottman, Robert E. Klaiger, Ali A. Ehsani. 
Div,~;ion of Cardiology, Jewish Hospital and Section of Applied Physiology, 
St, t outs, tWO; Washingto~ University School of Medicine. St. Louis, MO 
Analysis of heart rate variability (HRV) from 24-hr Holler recordings offers a 
useful non-invaslve technique for ~',,ssassing changes in cardiac autonomic 
tone in response to exercise training, Although highly ;it individuals have 
high HRV, the effect of exercise training on autonomic tone in older adults 
has not been fully explored. 17 adults (7 M, 10 F, 67 + 4 yrs) completed 12 
mos of supervised exercise, 3 mos of stretching and 9 mos o| one hr/day, 
5 days/week aerobic exercise at ~7(P/o of maximal oxygen uptake. 24-hr 
Hotter ecordings were obtained shortly before beginning aerobic exercise 
and upon completion of the program. In addition, control recordings were 
obtained on a similar group of 16 normal older adults (7 M, 9 F, 66 4- 4 yrs) 
at baseline and after one year. Increase in maximal oxygen consumpttor, for 
the exercise subjects [1.8.4- 0.5 I./min (pre); 2.2 -4- 0.7 IJmin (post)] was 
significant, p < 0.05. Results for indices of heart I~ricd and HRV are shown 
below. No other index of HRV was significantly affected by the exercise 
program. 
Training Controls 
pre post pro post 
AVGNN (ms) 
24hr 787 -¢- 45 8234-68  821.4-106 8324-97 
Daytime 726+41 7524-75 752+1:105 763~ 100 
Nighttime 906±81" 9614-75" 968+113 9734-98 
SDNN (ms) 1264-21" 1424-25" 1354-32 134.:1:32 
SOANN (ms) 1164-21" 1294`23" 126+32 1234-32 
• indicates ignificant difference by paired t-test, p < 0.05), 
Conclusion: Exercise training increases total HRV in normal older adults, 
primarily by reducing heart rates at night. Other indices which reflect parasym- 
pathetic or mixed sympathetic and parasympathetic tone are not affected by 
exercise training. 
Basic Mechanisms of Field Stimulation and 
Defibrillation 
Tuesday, March 26, 1996, 8:30 a.m.-10:00 a.m. 
Orange County Convention Center, Room 209 
8:30 
~'~' -~ Defibri l lation Using Multiple Pathway Shocks With 
Rotational Field Gradients 
Robert J. Sweaney, Robert M. Gill, Philip R. Reid. Lilly Research 
Laboratories, Eli Lilly & Co., Indianapolis, IN 
The effect of an electric field gradient o stimulate or extend the refr~ctoriness 
of myocardial tissue depends, in part, on the alignment of the electric field 
with the myocardial muscle fibers. Because muscle fiber changes orientation 
by 180 degrees from endocardium to eptcardlum, a field that Is aligned along 
fibers at one site may be poorly aligned at a nearby site. We hypothesized that 
a shock with a field gradient hat rotated with time could improve d(~tibrillation 
by permitting better alignment with all fibers for at least some portion of the 
shock. In 4 pentoberbifal anesthetized ogs, we used two arbitrary waveform 
defibrillators to simultaneously deliver shocks to orthogonal pairs of epicardlai 
disk etsctmdes. The defibdllators produced current controlled sine and cosine 
waveforms with the same peak CUl,-ants. A vaitege gradient vector was 
measured in the mld-antedor LV to confirm that local fields rotated with time. 
Energy for 50% defibrillation success (Eso) was measured using waveforms 
with 4, 8, and 16 me durations that rotated by 90, 180, and 360 degrees. 
Esos for 8 ms re.angular control shocks to the A (8.33 4- 5.18 J) or B 
(9,45 4- 3.76) pathways were also measured and the A controls was used to 
normalize (Jther Esos (mean ::t: SO), 
Duration 90 d~g 180 dog 360 dog 
4ms 0.51 +0.08 0,41 4`0.02 0.49+0.09 
8 ms 0.46 :t: 0,08 0.55,4- 0.09 0.48 -~ 0,08 
16ms 0.72+0.27 0,82 + 0,08 0.51 ~0.11 
Normalized Esos did not vary among rotating waveform typos (anova, p = 
0,07) and were roughly half of that required using A (or B) pathway,~ alone. 
We conclude that the rotational waveforms significantly reCuced defib- 
rillalion energy. This reduction could be due to the use of multiple shock 
pathways, to biphasic field gradients along some fiber directions, to a better 
